Introduction
Because conversational interactions are joint activities (Clark 1996: 3) , individual interlocutors often adjust their speech and language production and perception patterns depending on the particular talker-listener combination. This phenomenon of interlocutor adjustment has been studied at various levels of linguistic structure, and under various names including "coordination" (Clark 1996) , "a ccommodation" (e.g., Giles, Coupland, and Coupland 1991; Shepard, Giles, and Le Poire 2001; Namy, Nygaard, and Sauerteig 2002; Babel 2009 Babel , 2010 , "alignment" (e.g., Pickering and Garrod 2004 Garrod , 2006 Kraljic, Brennan, and Samuel 2008) , "audience design" (e.g., Clark and Murphy 1982) , and "convergence" (e.g., Pardo 2006) . In the present study, we examine adjustment at the phonetic level within spontaneous conversations between interlocutors from different native language or dialect backgrounds, with the broad goal of demonstrating bi-directional talker-listener adjustment as a possible mechanism of long-term, contact-induced language change.
A large body of work has documented talker-to-listener speech production a djustment under various conditions. For example, infant-directed speech (e.g., Cooper and Aslin 1990; Wassink, Wright, and Franklin 2007) , clear speech for the benefit of listeners under adverse conditions due to a hearing loss or the presence of environmental noise (e.g., Picheny, Durlach, and Braida 1985; Payton, Uchanski, and Braida 1994; Uchanski 2005; Smiljanic and Bradlow 2009) , and foreignerdirected speech (e.g., Ferguson 1971; Smith 2007; Uther, Knoll, and Burnham 2007) all represent cases of talker-initiated speech production adjustments to the communicative setting. These cases are well understood within a framework such as the Hypo-and Hyper-Theory of Speech Production (H&H Theory ; Lindblom 1990) , which provides for a natural account of talker variability in response to the instance-specific, competing constraints of perceptual salience and economy of effort. Similarly, listener-to-talker speech perception adjustment has been welldocumented and accounted for within theories of speech perception that allow for highly flexible speech processing mechanisms (e.g., for a review see Samuel and Kraljic 2009 ). This body of work has demonstrated listener adaptation to i ndividual talker characteristics (e.g., Nygaard, Sommers, and Pisoni 1994; Nygaard and Pisoni 1998; Norris, McQueen, and Cutler 2003; Eisner and McQueen 2005; Kraljic and Samuel 2005) as well as to systematic variation across groups of talkers (e.g., Bradlow and Bent 2008; Sidaras, Alexander, and Nygaard 2009) .
Taken together, these separate lines of research on talker-to-listener and listenerto-talker adjustment have provided evidence for bi-directional phonetic a djustment. However, these studies have typically involved de-contextualized communicative situations, and thus provide an incomplete view of the interaction between talkerbased production adjustments and listener-based perception adjustments that may operate in the more naturalistic situation of interactive dialogue. Similarly, studies of speech imitation (e.g., Goldinger 1998; Namy, Nygaard, and Sauerteig 2002; Goldinger and Azuma 2004; Shockley, Sabadini, and Fowler 2004; Delvaux and Soquet 2007; Nielson 2008; Babel 2009 Babel , 2010 Miller, Sanchez, and Rosenblum 2010) have provided evidence for perceptually-driven changes in speech production in the form of acoustic-phonetic adjustments by one talker following exposure to productions by another talker. But, like the separate studies of talker-to-listener and listener-to-talker adjustment, the speech imitation task typically involves a non-interactive, non-social setting with a tenuous connection to the real-world situation of spontaneous dialogues.
An important recent demonstration of phonetic convergence within conversational interactions was provided by Pardo (2006) , who used a "Map task" (Anderson et al. 1991) to elicit conversations in which one talker takes on the role of d irection "giver" while the other takes on the role of instruction "receiver." This study showed significant phonetic convergence within the conversations, with some modulation of the convergence by talker gender and talker role. Specifically, males generally showed a larger degree of convergence to their partners than females, and within female pairs, only the giver converged towards the receiver. (See Babel, 2009 , for an extensive and excellent review of work on phonetic convergence from psycholinguistic and social psychological perspectives over the past 4 -5 decades.)
The investigation of talker-listener adjustment in the context of naturalistic conversations with multiple turns for each participant represents an important step toward understanding phonetic variation in real-world speech communication. It also provides a conceptual link to population-level, contact-induced change, such as might be in progress for English in its role as a global language. For example, where one speech sub-community may convey a certain vowel contrast with primarily spectral differences, another may instead realize the contrast with primarily temporal distinctions, or with spectral differences in a different range. These differences may stem from socio-phonetic factors relating to social and regional group membership, or from cross-language interaction within bilingual i ndividuals. Provided that these group-based variations are systematic, speech communication across these sub-communities may then prompt individuals to adjust their perception and production categories to accommodate the various sound patterns. Repeated interactions may lead to long-term adjustments that will be evident in interactions with yet other sub-communities, thereby setting up the conditions for the propagation of a change through the broader speech community (Costa, Pickering, and Sorace 2008) . Indeed, a substantial body of previous work on dialect change has demonstrated adjustment of specific acoustic phonetic parameters in response to a change in the ambient dialect such as occurs when an individual moves from one city to another within English-speaking Britain or USA (e.g., Munro, Derwing, and Flege 1999; Evans and Iverson 2007 ; amongst many others) or when the ambient language changes along with a move from one country to another (e.g., Sancier and Fowler 1997) . With this general outlook in mind, the present study aimed to extend Pardo (2006) to the case of interactive dialogues between interlocutors who vary in the extent of their shared language experience.
In particular, we examined phonetic convergence under three conditions. In the same-L1/same-dialect condition, the interlocutors spoke the same dialect of either American English (2 pairs) or Korean (2 pairs). In the same-L1/different-dialect condition, the interlocutors spoke different dialects of either American English (2 pairs) or Korean (2 pairs). In the third condition, the interlocutors came from different native language backgrounds. In particular, one talker was a native talker of American English while the other was a native talker of either Korean (4 pairs) or Chinese (4 pairs); for these different-L1 conversations the language of the conversation was always English and the talkers differed in their status as a native or nonnative talker of the target language. Thus, in the present study, the "language distance" between the interlocutors varied from "close" (the same-L1/same-dialect condition), to "intermediate" (the same-L1/different-dialect condition), to "far" (the different-L1 condition) with two possible factors determining language distance between interlocutors, namely L1 sharing and dialect sharing.
One possible outcome is that phonetic convergence within conversations would vary in relation to initial interlocutor language distance, such that greater convergence would be observed for pairs with relatively well-matched language backgrounds. This outcome would be consistent with the idea that phonetic convergence is limited to parameters and categories that are already well-established within the talkers' linguistic sound systems (Babel 2009 ). In a laboratory-based English speech shadowing task, Babel (2009) found that test talkers adjusted some vowel categories in the direction of the model talker's production of these categories, while leaving other vowel categories unchanged following exposure to a model talker's speech. Specifically, Babel (2009) found that the primary targets of phonetic convergence were the English low vowels /ӕ/ and /ɑ/, whereas the English high vowels /i/ and /u/ were left largely unchanged in the test talkers' productions. Babel's explanation for this vowel-specific convergence was that, within the English system, the low vowels /ӕ/ and /ɑ/ are typically subject to a higher degree of prosodically-determined variability than the high vowels /i/ and /u/ along exactly the phonetic dimension that participated in the observed phonetic convergence, namely F1/vowel height (which varies across prosodically accented and unaccented environments). Thus, in Babel's study, phonetic convergence seemed to operate within the existing phonetic repertoire of the test talkers. Under this view, interlocutors with relatively well-matched linguistic sound systems are more likely to exhibit phonetic convergence in spontaneous conversations than interlocutors with highly disparate production patterns because the variability to which the relatively well-matched talkers are exposed is more likely to be within their existing phonetic repertoires. That is, for talkers with a relatively large language distance between them, even though the distance between their vowels would seem to provide plenty of "room" for accommodation, their vowels in a given lexical item may be different enough to be outside of each other's typical vowel repertoire thereby effectively blocking phonetic convergence.
An alternative possibility is that we will observe greater phonetic convergence between interlocutors with greater language distance simply because there is more room for adjustment. This possibility would require that production targets are highly flexible and that the process of phonetic convergence is relatively unconstrained by the existing phonetic and phonological systems. This type of production flexibility could be consistent with the high degree of perceptual flexibility that has now been well established in studies of perceptual adaptation to speech variability, including adaptation to dialect variation and to foreign-accented speech. However, this kind of relatively unconstrained speech production adaptation could be difficult to reconcile with well-known limits on ultimate levels of second language speech production proficiency by late learners of a foreign language (Flege 1999; Birdsong 2004) . We therefore aimed to test the hypothesis that phonetic convergence in spontaneous conversations is facilitated by relatively well-matched language backgrounds (close "language distance") between the i nterlocutors.
It is important to note that both of the possible outcomes discussed above are based purely on phonetic/linguistic factors and ignore social factors having to do with the interlocutors' attitudes to talkers with language backgrounds that may differ from their own (Giles and Ogay 2007) . This type of psycho-social influence has been addressed in previous work on phonetic convergence. For example, Babel (2009) found that the degree of phonetic convergence by a test talker to a model talker was influenced by the test talker's rating of the model talker's "attractiveness" and of the test talker's implicit attitude towards the model talker's race, which was assessed on the basis of an Implicit Association Task (Greenwald, McGhee, and Schwartz 1998) . Babel (2009) observed greater phonetic convergence for test talkers with positive biases towards the model talker's race. Additionally, for female test talkers, high attractiveness ratings for the model talker correlated with greater phonetic convergence. This finding (amongst others that have focused on social factors in phonetic convergence and imitation such as Pardo, 2006, and Namy, Nygaard, and Sauerteig, 2002 ) is taken as evidence against a view of speech alignment as an automatic process Garrod 2004, 2006) . Together with the finding of phonetic selectivity of phonetic convergence, this previous work strongly suggests that the processes of phonetic convergence are mediated by both social and linguistic biases (Babel 2009 ). In the present study, we focus on phonetic variables such as the talkers' native status and dialects, yet we acknowledge that psycho-social factors may also be operational.
Methods

The diapix conversation elicitation task
In general we adopted the methodology presented in Pardo (2006) . However, we differed from Pardo (2006) with respect to the conversation elicitation technique. Pardo (2006) used the "Map task" (Anderson et al. 1991) in which two participants are each given a copy of a hand-drawn map with easily identified landmarks. In the Map task, the two participants cannot see each other's version of the map, and one talker, the "giver," has a route marked out on the map and must guide the other talker, the "receiver," through the set of landmarks to arrive at some destination via the same route. In the present study, we elicited conversations between the interlocutors using a new task, the "diapix" task (described further below and in detail in Van Engen et al. 2010) , in which no giver or receiver role differences are imposed on the talkers. This task encourages balanced talker roles across the interlocutors as a means of encouraging bi-directional phonetic convergence.
In the diapix task, each talker is given one of two pictures, scenes A and B, which are identical except for 10 differences. The talkers are seated such that they cannot see each other's picture and are instructed to work together to find the 10 differences. The differences are created such that three involve elements that are present in scene A but absent from scene B, three involve elements that are present in scene B but absent from scene A, and four involve elements that differ across scenes A and B in terms of some detail such as color or shape. For the present study, we used diapix recordings collected as part of the Wildcat Corpus. For a complete description of all aspects of this corpus, see Van Engen et al. (2010) . Diapix recordings in this corpus were made using two different picture pairs, one for each of two target languages, English (the "shop" scene) and Korean (the "beach" scene). In constructing these scenes, every effort was made to keep them similar in terms of overall "look and feel" (the same artist developed the two scenes) and in the level of detail required to identify the crucial differences. Because several of the differences involve writing in the target languages (English for the shop scene, Korean for the beach scene), it was necessary to have separate English and Korean scenes. See Appendix A for black-and-white renditions of the original color pictures and Appendix B for a list of the differences across each picture pair to be found by the interlocutors.
Wildcat Corpus diapix recordings involved two participants who were seated at desks facing opposite walls in a soundproof room. Each participant was given one of the two scenes within a diapix picture pair (the shop scene for English conversations, the beach scene for Korean conversations), which were printed on lettersized sheets of paper. The participants were then asked to find 10 differences b etween the two pictures by talking out loud and working together as fast and efficiently as possible. The participants were not allowed to see each other or the other's picture. Each participant wore an AKG C420 headset microphone and their conversation was stereo recorded to separate channels for each participant using a Marantz PMD 670 flash recorder. Across the entire Wildcat Corpus, which includes diapix recordings from 38 pairs of talkers, almost all pairs managed to find all 10 differences (no pair missed more than 3 differences).
Participants in the diapix task of the Wildcat Corpus ( both English and Korean) were recruited by word of mouth and through advertisements posted on the Northwestern University campus. Most participants were graduate or undergraduate students, or post-doctorate researchers at Northwestern University; a small number were partners of graduate students at Northwestern University. The native language backgrounds of the participants varied with the majority being English (n = 24), Chinese (n = 20), or Korean (n = 20). For a complete list of all participants' native language backgrounds, see Van Engen and colleagues (2010) . Participant ages ranged from 18 to 34 years with the average of 25.8 years. In all language pairs, the female to male gender ratio was 1:1, that is, there were no mixed gender pairs. Each talker participated in only one conversation. All participants received payment for their participation. None of the participants reported a speech or hearing impairment at the time of testing.
For the present study, a total of 16 diapix conversations were selected from the complete set of 38 diapix conversations in the Wildcat Corpus. For the same-L1 conversations, four English conversations (out of a total of eight such conversations in the Wildcat Corpus) were selected, and four Korean conversations were selected (representing all such conversations in the Wildcat Corpus).Within each language group (English and Korean), two of the four conversations were between males and two were between females. Moreover, based on self-reported information about geographical regions where the talkers lived from their birth to 18 years within the USA or South Korea, two of the conversations within each language group (one between males and one between females) fell in the same-L1/samedialect group while the other two fell into the same-L1/different-dialect group.
For the different-L1 conversations, we selected eight native+nonnative English conversations from the Wildcat Corpus. Four of these were between a native American English talker and a native Chinese talker, and four were between a native American English talker and a native Korean talker. Within each of these sets of four, two were between female talkers and two were between male talkers. As explained above, all of these different-L1 conversations were performed in English. These eight conversations represent the full set of native+nonnative diapix recordings in the Wildcat Corpus. See Table 1 for detailed characteristics of talkers in the native+native and native+nonnative conversations.
Phonetic convergence assessment
While we generally followed the methodology of Pardo (2006) quite closely, there were two important differences between our methods of phonetic convergence a ssessment and those of Pardo (2006) . The participants in Pardo (2006) were r ecorded reading a set of target words (landmarks on the map) before and after performing the interactive map task. Then, following previous speech shadowing studies (e.g., Goldinger 1998; Namy, Nygaard, and Sauerteig 2002; Shockley, Sabadini, and Fowler 2004) , Pardo (2006) assessed phonetic convergence by means of an AXB perceptual similarity test, in which an independent group of listeners were presented with three repetitions of the same target word. The first and the last repetitions (A and B) consisted of one talker's productions of the target words at pre-test and at post-test, and the middle repetition (X) consisted of the other talker's production of the same target word during the conversation. The listener's task was to decide which of A and B sounded more similar to X. Phonetic convergence was then quantified as the rate of post-test selection, which would indicate greater perceived phonetic similarity at the end of the conversation (at post-test) than before the conversation (at pre-test). In the present study, we used speech samples taken from early and late portions of the recorded conversations, rather than pre-and post-conversation recordings of read speech. Furthermore, since these recorded samples were slightly longer than single word recordings, we modified the AXB comparison task such that the model sample was presented first (i.e., XAB) as a means of easing the memory load on the participants in the perceptual judgment task.
To obtain early and late samples from each talker's diapix recording for presentation in the XAB perceptual judgment task, three utterance snippets were extracted from the first third and the last third of each talker's portion of the conversation, using Adobe Audition 1.5. Speech samples were chosen according to the following three criteria: (1) samples were 1 to 1.5 seconds in duration, (2) samples consisted of one intonational phrase or occurred at the end of an intonational phrase, and (3) samples were fluently produced without any evident hesitations, disfluencies, background noise, or back channeling from the other talker. From each talker's recording, the first (within the first third of the entire conversation duration) and last (within the last third of the entire conversation duration) three Note. ENF = female native English, ENM = male native English, KOF = female native Korean, KOM = male native Korean, MN = Minnesota, IL = Illinois, GA = Georgia, CA = California, NY = New York, FL = Florida, AZ = Arizona, PA = Pennsylvania. a. Bloomington, MN and Glencoe, IL are classified as regions with the same dialect according to Labov, Ash, and Boberg (2006: 6) . b. All English talkers in native+nonnative conversations were rated as having very low accentedness (M = −1.79).
speech samples that fit these criteria were selected. Because it is not possible to obtain identical utterances from the early and late parts of a diapix conversation ( people usually did not go back to an item they had already discussed), the e xtracted speech samples were all different in context (i.e., contained different words). 1 In total, 192 speech samples (3 samples × 2 time points × 2 talkers × 16 conversations) were extracted for presentation to an independent group of participants in XAB perceptual similarity tests. All speech samples were normalized to have the same overall RMS value (1.0 Pa). Transcripts of the complete set of the extracted utterances are provided in Appendix C. A group of 121 native English talkers participated in the XAB perceptual similarity test on English speech samples. All of these participants were undergraduate students at Northwestern University. They ranged in age from 19 to 26 years, with an average of 20.6 years. All received course credit for their participation; none reported a hearing impairment at the time of testing. These native English listeners were randomly assigned to one of six XAB similarity perception tests: (1) 22 (14 female and 8 male) for the 2 female, same-L1 (native+native) English conversations; (2) 19 (13 female and 6 male) for the 2 male, same-L1 (native+native) En glish conversations; (3) 19 (14 female and 5 male) for the 2 f emale, different-language (native+nonnative) conversations with a Chinese nonnative talker; (4) 21 (16 female and 5 male) for the 2 male, different-language (native+nonnative) conversations with a Chinese nonnative talker; (5) 20 (12 female and 8 male) for the 2 female, different-language (native+nonnative) conversations with a Korean nonnative talker; and (6) 20 (10 female and 10 male) for the 2 male, different-language (native+nonnative) conversations with a Korean nonnative talker.
A group of 40 native Korean talkers also participated in the XAB perceptual similarity test. All of these participants were undergraduate or graduate students at Northwestern University. They ranged in age from 20 to 40 years, with an average of 26.7 years. All received monetary compensation for their participation; none reported a hearing impairment at the time of testing. These native Korean listeners were randomly assigned to one of two XAB similarity perception tests: (1) 20 (9 female and 11 male) for the 2 female, same-L1 (native+native) Korean conversations; (2) 20 (13 female and 7 male) for the 2 male, same-L1 (native+native) Korean conversations.
Participants in the XAB test were seated in a soundproof booth. In each trial, the participant heard a triplet of speech samples (XAB) played over headphones. The stimuli were presented via a computer running Millisecond Inquisit 2.0. Listeners were instructed to imagine that the second talker (in samples A and B) was attempting to impersonate the model talker (in sample X). The task was to select A or B as a response to the question, "Which is more similar to the MODEL, A or B?" (see Figure 1 for an illustration of triplets). We adopted this impersonation scenario because the utterances to compare (X, A, and B) were all different in content and thus hard to directly compare in terms of their phonetic detail. Since accurate impersonation captures broad phonetic characteristics of a talker, it can be judged on the basis of utterances with different lexical content.
In each trial, three letter boxes for the triplet (X, A, and B) were displayed graphically on the monitor, X at the top, A at the left bottom, and B at the right bottom. Listeners' responses were entered by clicking on "A" or "B" on the monitor with a mouse. As shown in Figure 1 , a triplet of speech samples consisted of a sample from one talker's early or late contribution to the conversation, and the partner's early contribution and late contribution. The inter-sample interval was 100 milliseconds. Following this scheme, all possible combinations of 12 samples from each conversation (3 from early and 3 from late parts of a conversation × 2 talkers) were created. The order of the A and B utterances was counterbalanced.
Within each XAB test condition there were 4 blocks, 2 containing speech samples from one conversation and 2 from the other conversation of the same type in terms of language pairs and talkers' gender. In each block, the model talker (X) varied from trial to trial. In this way, each listener was presented with 432 trials in total (2 conversations × 2 talkers per conversation × 2 time points per talker (i.e., early or late) × 2 orders of A and B presentation per triplet × 27 (3 × 3 × 3) possible XAB sample combinations). The trials in each block were given in random order with an 800 ms interval between trials. Participants were allowed to rest between blocks. It took approximately 1-1.5 hours for a participant to finish the task. The experimenter (MK) was careful to use only the target language of the experimental condition when interacting with participants.
Nonnative talker accent rating
As part of the original Wildcat Corpus compilation, a separate accent rating test was conducted as a means of assessing English language proficiency 2 for the nonnative talkers. Included in this test were speech samples from each of the nonnative talkers in the full corpus whose native language was either Korean or Chinese (n = 34, including the 4 Korean and 4 Chinese talkers selected for the present study), as well as speech samples from the 8 native English talkers from the native+nonnative diapix conversations included in the present study. The native English talkers' samples were included as native-accent "anchors." A total of 378 speech samples were selected for the accent rating test: 3 samples × 3 times (the first 1/3, the middle 1/3, and the last 1/3 parts in a conversation) × 42 talkers = 378 samples. The duration of the samples was 1.5 to 2 seconds. The criteria for choosing a speech sample from a conversation were the same as for the XAB similarity tests except for the stimulus length, which, as described above, was 1-1.5 seconds for the XAB samples.
An independent group of 15 native English listeners (8 female and 7 male) participated in the accent rating test. All listeners were undergraduate students at Northwestern University and received course credit for their participation. They ranged in age from 19 to 22 years, with an average of 20 years. None of the participants reported any hearing impairment at the time of testing. None of these listeners had taken part in either the diapix recording for the Wildcat Corpus or the XAB perceptual similarity task in the present study.
The 378 speech samples were divided into 3 blocks, so that each block consisted of 126 trials (one sample per trial). The speech samples were presented over headphones in random order via a computer running Millisecond Inquisit 2.0 to the listeners in a sound proof booth. Listeners rated the accent of each speech sample on a scale of 1 (native-accented) to 9 (heavily foreign-accented) in response to the question: "How foreign is this talker's accent?" Listeners were allowed to take a rest between blocks. It took about 40 minutes for a listener to complete all 3 blocks. For the purpose of the current study, we then identified the average accentedness ratings for the subsample of nonnative talkers (n = 8) whose diapix conversations we examined here. These ratings were z-transformed to adjust for variation in use of the 9-point scale. Each talker's final average accentedness score was calculated based on the z-transformed accent ratings. While they cannot serve as a continuous factor in our regression models because of the small sample size (n = 8), these a ccentedness scores will allow us to gain some initial, tentative insight into the role played by phonetic proficiency in predicting phonetic convergence in native+nonnative conversations, and they confirmed that all of the nonnative t alkers were easily identified by native listeners as foreign-accented English t alkers (see Table 1 ).
Results
The data in this study were submitted to a set of generalized linear mixed effects regression analyses with the logit link function and binomial variance (Baayen 2010; Bates and Maechler 2010) to test whether phonetic convergence in spontaneous conversations is facilitated by relatively well matched language backgrounds (close "language distance") between the interlocutors. We included all three inter-talker language distance conditions: the close (the same-L1/same-dialect condition), the intermediate (the same-L1/different-dialect condition), and the far (the different-L1 condition). Phonetic convergence was assessed on the basis of the likelihood of "late" response selection in the XAB perception tests. In all analyses, the model speech samples (X) were always from late parts (i.e., last third) of the diapix conversations. 3 The dependent variable was the listener's response (early or late) in the XAB perception tests with snippets from the 4 same-L1/same-dialect conversations (native+native, 2 English and 2 Korean), 4 same-L1/different-dialect conversations (native+native, 2 English and 2 Korean), and 8 different-L1 conversations (native+nonnative, 4 with a Korean nonnative talker and 4 with a Chinese nonnative talker). The fixed effect factor was interlocutor language distance (same-L1/ same-dialect vs. same-L1/different-dialect vs. different-L1). We also included three random effect factors, listener (in the XAB perception tests), talker (in the diapix conversations), and pair (in the diapix conversations). Pair gender (female or male), talker age, and conversation duration were each examined as possible control variables, but none improved the fit of the model, so no control variables were included in the final model. To make full comparisons among the three conditions of the fixed effect factor, the same generalized linear mixed effects regression analysis was carried out twice with different reference levels: one with the same-L1/same-dialect condition and the other with the same-L1/different-dialect condition as the reference level. The significance level was adjusted from 0.05 to 0.025 by Bonferroni correction, because two analyses were conducted on the same dataset for one set of results.
Results of these analyses showed a significantly higher likelihood of late responses for same-L1/same-dialect pairs (i.e., the "close" condition in language distance) than either for same-L1/different-dialect pairs (i.e., the "intermediate" condition in language distance) (β = −0.58, SE = 0.14, z = −4.05, p < 0.001) or for different-L1 pairs (i.e., the "far" condition in language distance) (β = −0.5, SE = 0.12, z = −3.91, p < 0.001). This indicates that phonetic convergence may be facilitated when the interlocutors' language distance is relatively close due to a shared native language background and a shared dialect background. Additionally, the results showed that the same-L1/different-dialect condition did not differ from the different-L1 condition in terms of the likelihood of late response (β = 0.07, SE = 0.12, z = 0.61, p = 0.53). Thus, we can see that sharing the same L1 but not dialects between interlocutors (the "intermediate" condition) does not facilitate phonetic convergence compared to interlocutors' having different L1s. See Figure  2 for the overall phonetic convergence patterns of the three language distance conditions and Table 2 for each talker's convergence pattern and averaged percentage of XAB listeners' late sample selections (i.e., convergence likelihood).
A potential confounding factor in this analysis is the native versus nonnative status of the talkers. That is, nonnative talkers in the different-L1 condition may in general show a lower (or higher) tendency towards phonetic convergence than na-tive talkers of the target language. To control for this potential confound, we ran an additional set of analyses excluding two types of data: XAB responses on Korean speech samples by native Korean talkers (from Korean native+native conversations) and English speech samples spoken by nonnative English talkers (from English native+nonnative conversations). Then we compared phonetic convergence (in terms of likelihood of late sample selection) only by native English talkers conversing with either a native English-speaking interlocutor or a nonnative English-speaking interlocutor. The dependent variable was XAB response (early or late). The partner's target language status (native or nonnative) was entered as a fixed effect factor. Listeners in the XAB perception tests, and talkers and pairs in the diapix conversations were entered as random effect factors. Pair gender, talker age, and conversation duration were considered as possible control variables, but none increased the fit of the model. Therefore, no control variable was included in the final model. The same analysis was conducted twice with different reference levels for full comparisons among the three language distance conditions. Thus the significance level was adjusted from 0.05 to 0.025 by Bonferroni correction.
Results from this analysis confirmed the language distance effect found in the general model: Native English talkers paired with fellow native English talkers from the same dialect background were significantly more likely to be judged as having converged to their conversation partners than native English talkers who were paired with either fellow native English talkers from different dialect backgrounds (β = −0.47, SE = 0.11, z = −4.05, p < 0.001) or nonnative English talkers (β = −0.57, SE = 0.10, z = −5.25, p < 0.001). Again, the same-L1/different-dialect condition and different-L1 condition did not differ in their effect on phonetic convergence (β = −0.1, SE = 0.1, z = −0.93, p = 0.34).
Another potential confounding factor is the target language of conversations. It might be that conversations in one language lead to more phonetic convergence in general than conversations in another language. To investigate this possibility, we compared phonetic convergence patterns of the two types of native+native (same- The fixed effect factors were dialect match (same or different) and target language (English or Korean). The dialect-by-language interaction was also included in the model. The random effect factors were listeners in the XAB perception tests, and talkers and pairs in the diapix conversations. Pair gender (female or male), conversation duration, and talker age were each examined to see if they improved the fit of the model as possible control variables. None of these control variables significantly improved the fit of the model, therefore no control variable was included in the final model. The condition number for multicollinearity of the fixed effect factors, namely, dialect match and target language was under 10 (value = 9.04).
The regression results indicated that closer language distance, namely, the samedialect condition showed a significantly higher likelihood of phonetic convergence than the different-dialect condition (β = 0.46, SE = 0.07, z = 5.93, p < 0.001). Additionally, English as the target language significantly increased the probability of late sample selection relative to Korean as the target language (β = −0.31, SE = 0.08, z = −3.6, p < 0.001). Finally, the interaction of dialect match and target language was also significant (β = 0.23, SE = 0.11, z = 2.07, p < 0.05), with a smaller dialect effect for English diapix conversations than for Korean diapix c onversations.
In summary, we observed a facilitation of phonetic convergence in cases where the interlocutors had a relatively close language distance. Sharing the same language and the same dialect with a partner in a conversation facilitates phonetic convergence more than sharing the same language but not dialect or having d ifferent languages. However, the effects of interlocutors sharing the same language but not dialect and of interlocutors having different languages were not significantly different. In other words, sharing the same language and dialect was the only condition amongst the three language distance conditions where phonetic convergence was likely to occur.
At first glance, the pattern of greater convergence for same-dialect pairs than for different-dialect pairs seems to contradict the finding of Pardo's (2006) map task conversations, in which apparently different-dialect pairs ( based on biographical information) showed convergence early in the conversation. Although dialectal variation was incidental to the main purpose of that study and was not an object of systematic analysis, Pardo did assess some degree of dialect variation in terms of the production of words that were selected to be diagnostic of marked regional differences in American English (i.e., the vowel contrasts in the following lexical sets: marry-Mary-merry, cot-caught, and pen-pin). This assessment indicated that all talkers distinguished these words in their speech. Thus, it is possible that the dialect differences between talkers in Pardo's study may have been less extensive than the dialect differences in the different-dialect pairs of the present study. Therefore, the findings of Pardo (2006) and the current study might not actually be contradictory to each other in terms of the dialect effect. Also, in the present study we find a smaller dialect-based effect for English than Korean, which may mirror the magnitude of the dialect differences across the Korean and English differentdialect pairs. Extensive dialectal analyses were beyond the scope of the present study, but we should note that the different Korean dialects in question here are vastly different, possibly more so than the particular English dialect differences included here.
Additionally, it is important to acknowledge that target language was not the only difference between native+native English conversations and native+native Korean conversations. There were also other possible non-linguistic, cultural differences that may have played a role in this interaction, and a major difference between the two types of native+native conversations in this study was the different set of diapix scenes. Specifically, for the English conversations we used the shop scene whereas for the Korean conversations we used the beach scene. While we tried to make the scenes similar in their general style and overall difficulty (as noted above in the Methods section), there were numerous differences across the scenes that may have contributed to the dialect-by-language interaction. Nevertheless, it is noteworthy that the same overall pattern of greater convergence for same-dialect than for different-dialect pairs was observed in both languages.
Finally, while there was insufficient power in the dataset from the 8 different-L1 diapix conversations to fully test whether accentedness of the nonnative talker would predict convergence likelihood, we can note here a hint of a pattern that would need to be confirmed with additional data. Specifically, from Table 2 it appears that convergence of the nonnative talker to the native talker occurred in the conversations involving nonnative talkers with accentedness ratings in the middle of the accentedness scale. In contrast, the nonnative talkers at the extremes of the accentedness range were more likely to demonstrate divergence from the native talker. However, this informal observation is based on a very limited dataset and awaits future studies for verification.
Discussion
A central issue of concern in work on accommodation and other forms of convergence within conversations is the automaticity versus non-automaticity of interlocutor alignment. As proposed in Garrod's (2004, 2006) interactive automatic alignment account of dialogue processing, nonconscious, automatic priming of linguistic representations is the engine that drives convergence across interlocutors. Because language comprehension and production are assumed to rely on the same underlying representations, talkers and listeners can become automatically "aligned" over the course of a conversation, in a process known as "input-output coordination." Importantly, such interactive alignment can occur across all levels of language use (e.g., Garrod and Anderson 1987; Branigan, Pickering, and Cleland 2000; Cleland and Pickering 2003) . On this view, the phonetic representations activated as part of comprehension are then available to automatically shape subsequent language production, and talkers and listeners should become more similar (or aligned) later in conversations than they were at the beginning. In the present study, however, talkers in spontaneous conversations showed not only alignment (convergence), but also a lack of alignment (maintenance and divergence), depending on the language and dialect match between interlocutors, providing evidence against a straightforward interactive alignment model. Instead, in accordance with Babel's (2009) suggestion of phonetic convergence as constrained by the existing phonetic repertoire, our results generally support the hypothesis that closer interlocutor language distance facilitates phonetic convergence between talkers in conversations.
The simplest version of the interactive alignment account, in which alignment is seen as a one-way process (i.e., toward convergence) driven solely by a utomatic priming processes, cannot easily explain the variant phonetic convergence patterns observed in the present study, as well as those found in similar studies (e.g., Pardo 2006; Babel 2009; Lewandowski and Dogil 2010; Pardo, Jay, and Krauss 2010; Nielsen 2011 ). Instead, a lack of alignment would result either from effortful repair of initially misaligned representations or from explicit and effortful interlocutor decisions not to align to each other Garrod 2004, 2006) . For example, within Communication Accommodation Theory (CAT; Giles, Coupland, and Coupland 1991; Shepard, Giles, and Le Poire 2001) , linguistic adjustment between talkers in a conversation is a strategic behavior with which "interlocutors achieve a desired social distance between self and interacting partners" (Shepard et al. 2001) . Thus, in this view, convergence, divergence, and maintenance are all available to talkers in conversational interactions depending on the "desired social distance." In the diapix conversations of the present study, it seems unlikely that misalignment repair mechanisms would explain the variation in phonetic convergence patterns, because all diapix conversation pairs succeeded in finding almost all of the differences between the pictures. This suggests that the situation models of the interlocutors were likely to have been successfully aligned by the end of the conversations, despite the different patterns of phonetic adjustment (convergence, maintenance, and divergence). Thus in our study, as in others (e.g., Bourhis and Giles 1977; Bilous and Krauss 1988) , it appears that misalignment at the phonetic level can occur without a persistent failure of comprehension between talkers.
It is plausible that the native talkers in the different-L1 (native+nonnative) talker pairs adopted a speech production strategy that could be characterized as a "decision" against phonetic convergence. Specifically, if they adopted a clear speaking style or "foreigner talk" (Ferguson 1971; Clyne 1981; Perdue 1984; Evans 1987) as a means of assisting their nonnative partners in the diapix task, then their productions may have diverged phonetically from their partner's productions over the course of the diapix conversations. Furthermore, the nonnative status of one's partner is likely to be particularly salient in the case of a very heavily-accented interlocutor. Thus, in the case of the native talkers in the native+nonnative talker conversations, the variation in phonetic convergence from negative (divergence) to zero (maintenance) to positive (just one case) could be explained by the notion of a strategic "decision" to achieve a desirable social distance between self and interacting partners (e.g., Gallois et al. 1988; Shepard et al. 2001) . However, in a study with highly controlled materials such as the current study, such a decision could have been based on linguistic rather than social-psychological considerations. That is, the adoption of a nonnative-oriented speech mode in the diapix conversations would serve the purpose of intelligibility enhancement, which would be linked to target language proficiency of the nonnative partner, rather than the explicit manipulation of social distance. In this regard, it is potentially relevant that all of the nonnative talkers in the present study (regardless of proficiency level) were very clearly foreign-accented (accentedness z score ≥ −0.58). Therefore, the phonetic adjustment patterns on the part of the native talkers in the native+nonnative diapix conversations were less likely to be socially (desire for greater social distance) than linguistically (attempt to enhance intelligibility) motivated, since the social considerations would presumably have been similar across all nonnative partners. Nevertheless, it remains for future work to sort out the contributions of the nonnative talker's proficiency in the target language and the native talker's implicit attitudes towards a partner from a different native language background. This strategic explanation is less plausible for the nonnative talkers than for the native talkers in the native+nonnative conversations. In the context of the diapix task, which is essentially a cooperative problem solving game, it seems unlikely that the nonnative talkers would have explicitly decided not to align to their native partners or have adopted either a socially-or linguistically-motivated strategy of increased phonetic distance. It may seem that the strong desire of nonnative talkers to express their linguistic and cultural identity through their English speech production might function as a motivation toward social distancing and away from convergence (Zuengler 1982) . However, the desire to achieve a high level of English intelligibility (i.e., to be understood) would likely have been a strong motivation for these nonnative talkers to align to their native partners as a means of increasing overall English intelligibility.
What factors might then have interfered with nonnative talkers' phonetic convergence? On the particular case of dialogues involving native and nonnative t alkers, Costa and colleagues (2008) suggest that an imbalance in target language proficiency across the native and nonnative talkers may inhibit the automatic alignment mechanism proposed by Garrod (2004, 2006) . In particular, Costa and colleagues (2008) suggest the high attentional demand and processing load involved in nonnative speech production may interfere with the overall automaticity of the conversation and inhibit inter-talker alignment. Thus, while the nonnative talkers may have had a strong intelligibility-based motivation to align to their native inter-locutors, the extra demands of second language production may have interfered with any alignment process. Presumably, this interference would have been greater for nonnative talkers with relatively low target language (i.e., English) proficiency.
Just as the high attentional demands and processing load involved in second language production may have acted as an inhibitory influence for the nonnative talkers, it is also possible that the high attentional demands and processing load involved in the perception of nonnative speech (i.e., foreign-accented speech) on the part of the native talkers may have had an inhibitory effect with respect to the processes of phonetic convergence by the native talkers. This possibility was supported by the data showing greater phonetic convergence in the native+native than in the native+nonnative diapix conversations. Moreover, in the diapix c onversations in the same-L1/different-dialect condition, the relatively high attentional demands and processing load involved in cross-dialect communication may have had a similar inhibitory effect with respect to the processes of phonetic convergence. Thus, on this view, the general language-distance effect on phonetic convergence observed in this study may be related to an inhibitory effect of relatively high processing load due to both nonnative speech production and foreign-accented speech perception.
Overall, in these diapix conversations, we speculate that the observed languagedistance-linked phonetic convergence patterns can be accounted for by two p arallel mechanisms: the need for intelligibility and the extra demands of nonnative speech production and perception. The first mechanism, the need for intelligibility, may inhibit phonetic convergence due to the adoption of an intelligibility-enhancing speech style ("clear" or "foreigner" speech). This would occur particularly in situations where the interlocutors have a relatively far language distance due to different native languages or dialects -i.e., in situations where speech intelligibility is most likely to be compromised. The large literature on clear speech (for a review see Smiljanic and Bradlow 2009 ) has identified a wide range of acoustic-phonetic features of clear versus conversational/plain speech. Thus, this account of the observed phonetic convergence patterns could be empirically verified by an acoustic analysis of the speech in our diapix conversation recordings. For example, we predict that markers of clear speech (slower speaking rate, more pauses, reduced final consonant lenition, etc.) would be most evident in later portions of native talker speech in diapix conversations with low proficiency nonnative interlocutors relative to early portions of the same conversations, and relative to later portions of conversations with high proficiency nonnative interlocutors. An empirical prediction of the second proposed mechanism is that phonetic convergence within interlocutors with an initially close language distance should be inhibited by other sources of an increase in high attentional demands and processing load. For example, the addition of background noise or the simultaneous performance of some other cognitive resource demanding task (e.g., operating a motor vehicle or another mechanical device) should also have an inhibitory effect on phonetic convergence even when language distance is relatively close.
While our data suggest a link between phonetic convergence and language distance, there are several other uncontrolled factors in the diapix conversations that may have contributed to the pattern of findings. First, a potentially relevant factor in phonetic convergence patterns is the talker roles adopted in the conversations. As discussed previously, Pardo (2006) found variation in phonetic convergence patterns depending on the talker role as the giver or receiver of information. In the Wildcat Corpus diapix conversations, there were no specific roles assigned to the talkers, and the diapix task was designed to avoid the adoption of "leader" and "follower" roles. It is possible that the talkers could have spontaneously chosen different roles. However, in other analyses of the full set of diapix conversations in the Wildcat Corpus (including those in the present study), we have observed considerable role variation both within and across the diapix conversation pairs (Van Engen et al. 2010) .
A second factor that may have influenced our findings is that we assessed convergence on the basis of early and late samples extracted from within the diapix conversations themselves. This is in contrast to Pardo (2006) in which convergence was assessed on the basis of comparison between identical items (i.e., the same word) produced at pre-test, within the conversation (at task), and at post-test. Note that the pre-and post-test productions were read speech, whereas the withinconversation item was spontaneous speech. With this design, Pardo (2006) was able to determine that the talkers converged relatively early in the conversation ( pre vs. task comparison) and that the convergence increased by the end and even beyond the end of the conversation (task vs. post, pre vs. post comparisons). In the present study, we always compared spontaneous, within-conversation items with other spontaneous, within-conversation items (from early and late portions of the conversations). While this design does not allow us to assess the pace, persistence, and/or attenuation of convergence over time, it has the important advantage of avoiding the confound of read versus spontaneous speech that is inherent in comparisons with pre-and post-test items.
A limitation of our data set is that we have presented only listeners' perceptual judgments in the XAB perception tests as our index of phonetic convergence. The set of possible acoustic features that underlie the observed patterns of phonetic convergence is very extensive, and unfortunately we have not yet traced the perceptual patterns to specific acoustic-phonetic features in the diapix recordings. A significant challenge in this regard is the fact that our XAB speech samples were all different utterances, making direct acoustic comparison at the lexical or sublexical levels impossible. Nevertheless, we attempted some acoustic measurements in terms of features such as speaking rate and pitch range. However, these analyses did not yield interpretable findings. One possible approach to this issue involves developing a different set of diapix scenes in which numerous repetitions of key phrases are effectively elicited at various points in the conversation (for progress on this front see Baker and Hazan 2009). As described in the Introduction, studies that have identified acoustic features of convergence have involved shadowing or speech imitation, which may highlight fine grained phonetic adaptations that are less apparent in spontaneous dialogues. Nevertheless, the XAB perceptual judgment tasks in both the present study and Pardo (2006) indicate that some interlocutor-oriented adjustment is operating in spontaneous dialogues and ultimately we should be able to identify the acoustic parameters that give rise to the perception of convergence. We attempted to eliminate (or at least, minimized) all obvious non-phonetic bases for similarity judgment in the present study by selecting samples that were similar in acoustic length, fluently produced throughout their duration, and that contained no evident hesitations, disfluencies, background noise, or back channeling from the other talker. Thus, it is unlikely that the l isteners had clear access to non-phonetic dimensions (such as broader linguistic, social, or esoteric information) on which to base their XAB judgments. The challenge of identifying the critical phonetic features remains open.
While the present data suggest that the language experiences of interlocutors play an important role in determining patterns of phonetic convergence, future work would ideally examine a far larger set of conversations where a wider range of dialect and native-language pairings can be explored. With more spontaneous conversation recordings available it may be possible to shift the balance of data from many listener judgments of relatively few speech samples to many direct measurements of speech adjustments in terms of precise phonetic, phonological, and other linguistic structural features in a large sample of conversations. As tools for capturing and analyzing very large speech corpora become more widely available (e.g., from radio, television, and other broadcast media), this approach may become quite feasible and will likely lead to breakthroughs in our understanding of the conditions that lead to phonetic change on individual and population levels.
Conclusion
We have obtained evidence in support of a relationship between interlocutor language distance and phonetic convergence in conversations within pairs of native English talkers, within pairs of native Korean talkers, and in conversations b etween a native English talker and a nonnative talker of English. Specifically, we found that within pairs of native talkers of the target language (either English or Korean), a match in regional dialect facilitated phonetic convergence. This stands in contrast to a lack of phonetic convergence between pairs of talkers who did not share a regional dialect or came from different native language backgrounds (with one being a native and the other a non-native talker). We interpret these results as suggesting that phonetic convergence between talker pairs that vary in the degree of their initial language alignment may be dynamically mediated by two parallel mechanisms: the need for intelligibility and the extra demands of nonnative speech production and perception. 
Appendix B
Lists of the differences between the two versions of the English and Korean p ictures. Note. There were 11 differences in the Korean pictures, but the subjects were instructed to find 10 differences between the pictures.
Appendix C
Utterances used for speech samples in the XAB perception tests Talker 2 what's the color of the lid of the kettle /a/ ('ah') wait a cool watermelon you have cool iced tea below it can you see the back of a girl then can you see a dog next to her do you see a seagull at the center selection by the XAB perception test participants (β = 0.12, SE = 0.015, z = 8.29, p < 0.001), thus providing more judgments towards phonetic convergence. Therefore, we excluded all XAB perception test responses where the models were early samples. 4. The box plot was made with the xyplot function in R (Sarkar 2008) .
